Number of water molecules coupled to the transport of sodium, potassium and hydrogen ions via gramicidin, nonactin or valinomycin.
The number of water molecules (n) coupled to the transport of cations across lipid membranes was determined in two different wats: directly from the electro-osmotic volume flux per ion, and by the use of Onsager's relation, from the open circuit streaming potential produced by an osmotic pressure difference. The results of the two approaches were in general agreement. Monoolein membranes were formed on the ends of polyethylene or Teflon tubing connected to a microliter syringe and the volume change necessary to keep the membrane at a fixed position was measured. It was necessary to make corrections for unstirred layer effects. The results for gramicidin were: n approximately 12 for 0.15 M KCl and NaCl, n approximately 6 for 3.0 M KCl and NaCl, and n approximately 0 for 0.01 M HCl. For nonactin, n approximately 4 for both 0.15 and 3.0 M KCl and NaCl. Valinomycin (for 0.15 M KCl) behaved like nonactin. It is shown that for a channel mechanism, in general, n is less than or equal to the number of water molecules in a channel that does not contain any cations. Thus, the n of 12 for the 0.15 M salts implies that the gramicidin channel can hold at least 12 water molecules. This places an important constraint on models of the channel structure. The n of 0 for HCl is consistent with a process in which protons jump along a continuous row of water molecules. The decrease of n with the 3.0 M salts may indicate that the channel becomes multiply occupied at high salt concentrations. The n of 4 for nonactin and valinomycin means that at least four water molecules are associated with the carrier . cation complex, probably in the interstices between the complex and the disordered lipid.